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(54) A heart stimutating devloe for avoiding problems with fusion t>eats 



(57) A heart stimulating device for avoiding prob- 
lems related to fusion beats, including a pulse generator 
(8, 9) for delivering stimulation pulses to a patient's 
heart and having a basic escape interval, filtered sens- 
ing means (3, 4, 5) adapted for sensing Q RS indications 
in signals iEGM signals, control means (7) adapted for 
controlling the pulse generator means (8, 9), and non- 
filtered sensing means (3, 6) adapted for sensing QRS 



indications in IEGM signals. The control means (7) acti- 
vates the non-filtered sensing means preceding an end 
of the basic escape interval and prolongs said basic 
escape Interval by a predetermined extension interval if 
the non-filtered sensing means (3. 6) senses a QRS 
indication. 










8 




1"" "'''^ 




1 TO 1 
















; 9 





FIG.1 



CD 



Pf intsd is'/ Xenas jUKj Eiisincss S«fvic9>3 



1 



EFS83S8S7A1 



2 



FIELD OF THE iNVENTiON 

The present invention relates to a heart stimulating 
device having a capability to inhibit stimulation in case 
of natural activity of a patient's heart. The invention par- 
ticularly concerns the capability of detecting intrinsic 
events in order to favour intrinsic heart activity and to 
avoid fusion beats. 

Fusion beat generally refers to a situation where 
atrial or ventricular depolarization starts from two differ- 
ent positions in the heart. Such a situation arises when 
a natural heart beat occurs simultaneously with an elec- 
trical stimulation pulse from a heart stimulating device 
and they both contribute to the depolarisation of a heart 
chamber. 

In a demand pacemakers or other heart stimulating 
devices that aim to electrically stimulate a patient's 
heart only in the absence of a normal intrinsic function, 
fusion beats or pseudofuston beats present a particular 
problem, since intrinsic events are to be favoured and 
stimulation energy is to be saved until realty needed. 
That way the longevity of a battery powered heart stim- 
ulating device is improved. 

Some terrriinology used in this disclosure is 
explained below. 

lEGM: An abbreviation for intracardiac electrogram. 
lEGM signals are emitted by active cardiac tissue 
and sensed through electrodes placed on or within 

the heart. 

QRS or QRS complex: The ventricular depolariza- 
tion as seen on the electro cardiogram or in the 
lEGM signals. 

Intrinsic: Inherent or belonging to the heart Itself. An 
intrinsic beat is a naturally occurring heartbeat. 
R wave: an intrinsic ventricular event. R refers to 
the entire intrinsic QRS complex. 
Evoked response: The electrical activation of the 
myocardium by a pacemaker output pulse. The 
ability of cardiac tissue to respond depends on its 
activity state. 

Fusion beat: the pacemaker impulse appears close 
to a spontaneous QRS complex and partly affects 
the ventricular depolarization. 
Pseudofusion beat: the pacemaker impulse 
appears within a spontaneous QRS complex and 
does not affects the ventricular depolarization. May 
be referred to as simply a fusion beat in contexts 
where problems related thereto are similar to those 
of regular fusion beats. 

Hysteresis: A programmable feature in some 
demand pacemakers which allows programming of 
a hysteresis escape rate lower than the pro- 
grammed base rate. Hysteresis may be accom- 
plished by prolonging the pacing interval following a 
sensed intrinsic beat. 



Escape interval, basic interval, or basic escape 
interval): The period, typically in the order of 1000 
milliseconds, between a sensed intrinsic cardiac 
event or a stimulation pulse output and the next 
5 pacemaker output pulse. 

DESCRIPTION OF PRIOR ART 

In today's pacemakers of inhibition type, e.g., in 

10 Pacesetter® REGENCY™ pacemakers with AUTO- 
CAPTURE™, lEGM signals are sensed via a lead and 
electrode arrangement. Intrinsic and stimulated QRS 
indications in the lEGM signals are monitored by sens- 
ing means in the pacemaker. As long as intrinsic QRS 

15 complexes are detected at an acceptable rate by the 
sensing means, the pacemaker inhibits the stimulation 
pulses. At each detected intrinsic QRS, a timer is 
started in the pacemaker. If no new QRS is detected 
within a predetermined basic interval of the timer, a 

20 Stimulation pulse to the heart is output by a pulse gen- 
erator in the pacemaker. The QRS detections are per- 
formed after a band pass filter that delays the lEGM 
signals. If an intrinsic QRS occurs immediately before 
the end of a basic escape interval, it will not be noticed 

25 before the next stimulation pulse is transmitted. When 
that stimulation pulse is transmitted, the pacemaker will 
have difficulties in detecting the QRS and, as a result of 
non-detection, the pacemaker may react by increasing 
output energy although not needed. These problems 

30 become more severe if the intrinsic heart rhythm is 
somewhat faster than that of the pacemaker. A continu- 
ous state of this type could be avoided by using so- 
called hysteresis. 

However, the above referred situation is problem- 

35 atic in the prior art and may lead to a higher energy con- 
sumption rate than necessary since the heart 
stimulating device outputs pulses that are not required. 
Also, the energy of the stimulation pulses may errone- 
ously be set higher than necessary. An excessively high 

40 energy consumption >m1I cause premature depletion of 
the battery of the stimulation device resulting in higher 
risk and inconvenience to the patient. Means for safely 
distinguishing between a true capture failure and a 
fusion beat are thus highly desirable. 

45 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to pro- 
vide a solution to the above-mentioned shortcomings of 

50 the prior art. A particular object is to avoid fusion beats 
more effectively. Another object of the invention is to 
provide means for avoiding excessive energy in the 
stimulation pulses. These objects are attained by a 
device according to claim 1 . 

55 Further objects and advantages of the present 
invention will be evident from the dependent claims and 
the embodiment description below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a block diagram of a heart stimulating 
device according to one embodiment of the invention 
including sensing inputs, a sense amplifier, detection 
means, logic means, pulse output means, and charge 
means. 

Fig. 2 shows two examples of lEGM signals input to 
the device of Fig. 1 , illustrating situations where a fusion 
beat occurs due to filter delay in sensing an R wave and 
where stimulation is inhibited according to the invention 
as a result of a detected competing intrinsic event, 
respectively. 

A PREFERRED EMBODIMENT OF THE INVENTION 

To describe an embodiment of a heart stimulating 
device according the invention, references are made to 
Fig. 1. The described type of device is operable to 
inhibit stimulation to favour intrinsic events. The device 
has sensing inputs 1 , 2 that feed lEGM signals to a 
sense amplifier 3. The sensing inputs 1, 2 are typically 
connected to a lead (not shown) and a cardiac electrode 
(not shown) which provide the lEGM signals to the heart 
stimulating device. The sense amplifier provides ampli- 
fied lEGM signals to three detection means 4, 5, 6. A fil- 
tered first R wave detection means 4 Is operable to 
detect intrinsic QRS complexes. It could also have the 
ability to detect P waves if processing thereof Is to be 
performed by the heart stimulating device A filtered 
evoked response (ER) detection means 5 is operable to 
detect stimulation-evoked QRS complexes. A non-fil- 
tered second R wave detection means 6 is operable to 
detect intrinsic QRS complices. Each of the detection 
means 4, 5. 6 is connected to a logic means 7 to which 
it indicates a detected QRS complex. 

In order to obtain a reliable detection of QRS com- 
plexes, possible noise such as myopotentials and exter- 
nal electromagnetic disturbance has to be prevented 
from influencing the detection. For this purpose, the fil- 
tered first R wave detection means 4 includes a band 
pass filter for filtering the amplified lEGM signals before 
they are used for detection of QRS complexes. In the 
band pass filter there is however inevitably a delay or 
transfer time for the signals. In today's pacemakers such 
a delay may be 20 ms. Although the said filter delay time 
may be the most significant one, all unintended signal 
delays in the heart stimulating device could be a prob- 
lem when aiming to avoid fusion beats or the negative 
consequences thereof. An sample of such a delay is 
the transfer time of the stimulation inhibition signal. 

The logic means controls a pace pulse generator 8 
and a back-up pulse generator 9 which are operable to 
transmit stimulation pulses to a patient's heart. The 
pulse generators 8, 9 may be connected to via the same 
lead (not shown) to the same cardiac electrode (not 
shown) as the sense amplifier 3. A charge means 10 Is 
connected to both pulse generators 8, 9 to provide them 



with th^ necesspjy stimulation energy. 

The logic means 7 includes lv.nf\g means in order 
to stimulate the patient's heart at an appropriate rats 
when needed and to dtstanguish between the different 

5 detectbns made in the detection means. The fogic 
means 7 may also deactivate any of th^ dstection 
means 4^ 5, 6 during selected tsms intervals. 

Tne delay in the faltered first R wave detection 
means 4 inpiies that a deeisi on by the logic means 7 to 

10 initsate a stimuiatton pulse can oniy be based on signals 
representing a situation up untif preser^t rninus the filter 
delay. In order for the heart stimuiatrng device to main- 
tain a $elect€Ki pacir3g rate, the logic means 7 has to 
decide, after a certain isme interval has passed since a 

15 dstected QRS complex, whether a stimulatiorv pulse 
should be transmitted or not. The said time irrterval m\\ 
be referred to as a basic mtej-vai. Thus, when stimula- 
tion control Is based on filtered signals, an Mrimlc heart 
beat occurring within a filter delay time from the efKi of 

20 a basse sntsrvai will not lead lo Inhibition of a sttmulation 
pulse. 

The non-fiJtered R wave defection means 6 gives 
an earlier detection of a QRS conplex, but suiters from 
a higher sensitivity to noise. As wlK be further described 

25 be\ ow a combination of the two R wave detection means 
4. 6 is particularly advar.tageous. 

References will now a3£0 bB mads to fig. 2 wrJch 
includes an uj^er \EQU: curve including one stimula- 
flon-evoked arK^ one intrin^c QRS complax a?id a lower 

30 iEGM curve includsng Virst a stintulatson-e/oked QRS 
compiex and then a fusion beat, i.a, an intrinsic evsnt 
wheresn a stimulation pulse has been transmitted. Ths 
dotted line ifidicates m expsded curve shape in the 
absanca of an irtlrinssc heart activily. Fig, 2 further 

35 shows a ttma line on which points In time Iq. , h U' 
and tc h?tve been marl^,d with dashed lines to indicate a 
transmession of a stsmislalion pulse to ev^oke a QRS (to), 
an and pdnt for detecting evoked responses stibsequent 
to a stimulation (t^ ). m end of basic intervai simultane- 

40 om\y with an ifitfinsie QRS complex fe), the activation 
of the non-filtered detection means the instant 
when the non-fsitered detectton means datects the 
sntrinsEG event (14), and an end of a prolonged basic 
sntervaf {X^}, reepecHvely. 

45 in order to iilusirate the operation of the inventive 
heart stimulating device a sequence to be dsscdbed is 
assumed to start by the transmissjon of a stEmulation 
pulse at to. Than the evoked response detection means 
5 is activated after a predatermEned delay to detect 

50 ^okm re^ftse until ti. If no evoked response has 
been detected, the heajl stimulating device generaiiy 
emits a back up pulse. 

At t2, which Is the end of the basic interval ranging 
from to to ts, the upper IEGM curve indicates an intrinsic 

56 went and an inhlbtion of s^miafation, v^iie the lower 
ciffve indicates a fusion beat. 

According to the invention, the non-tiltered detec- 
tion means is active for only about 20 ms from t^^ untsE 
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the end of the basic interval at t2 or only until a detection 
of an intrinsic event at t4. If an intrinsic event is detected 
in the non-filtered detection means between ts and t2, 
the basic interval is prolonged until X^, so that the lEGM 
signal containing the intrinsic QRS indication will have 5 
time to travel through the filter of the filtered R wave 
detection means. For this reason, an extension interval 
from X2 to can be set equal or greater than the filter 
delay time. Alternatively, the polr^ In time ts when the 
prolonged escape interval ends can be set by t4, i.e., the w 
point in time at which the non-filtered detection means 
detects an intrinsic QRS. 

A subsequent basic interval is started at X2 and the 
length thiereof may be set equal to the preceding one in 
order to maintain a pacing rate or may be set so that is 
hysteresis is achieved which favours intrinsic events. 

The safe operation of the inventive heart stimulating 
device is effectively maintained since a basic interval 
would be prolonged mainly in exceptional situations and 
the prolongation would be very small compared to the 20 
length of a typical heart cycle. 

A typical length of the basic interval is 850 ms. It 
could have an adjustment range between 500 and 1 333 
ms. The band-pass filter delay, which js to be compen- 
sated for, in the filtered R wave detection means is typi- 25 
cally 20 ms. Consequently, following a detection in the 
non-filtered R wave detection means of an intrinsic 
QRS, the basic interval should typically be 20 ms or 
slightly more immediately after the end of the basic 
interval or, if a varying timing is not unsuitable, after the 30 
detection in the non-filtered R wave detection means. 

The activation time of the non-filtered R wave 
detection means has to precede the "blind" interval of 
the corresponding filtered means before the end of the 
basic interval. Therefore, it will typically be at least 20 35 
ms or slightly more before the end of the basic interval. 
However, since the non-filtered R wave detection 
means only controls the prolongation of the basic inter- 
val and not the stimulation inhibition itself, it could be 
longer. For energy saving reasons, it is kept short. 40 

It should be noted that fig. 2 is not drawn to scale 
but rather illustrates a relative timing of typical phenom- 
ena monitored through the lEGM signals. 

Further, it is to be understood that this embodiment 
description includes merely illustrative examples of the 45 
application of the invention. Thus, many further varia- 
tions and modifications may be made without departing 
from the scope of the invention as defined by the 
appended claims. 

so 

Claims 

1 . A heart stimulating device comprising: 

- pulse generator means (8, 9) adapted for deliv- ss 
ering stimulation pulses to a patient's heart and 
having a basic escape interval. 

^ filtered sensing means (3. 4, 5) adapted for 



sensing QRS indications in lEGM signals, 

- control means (7) adapted for controlling the 
pulse generator means (8. 9), 
characterized by said device further compris- 
ing: 

- non-filtered sensing means (3, 6) adapted for 
sensing QRS indications in the lEGM signals, 

- said control means (7) being adapted to acti- 
vate said non-filtered sensing means preced- 
ing an end of said basic escape Interval and 
adapted to prolong said basic escape interval 
by a predetermined extiension interval if said 
non-filtered sensing means (3. 6) senses a 
QRS indication when activated. 

2. The heart stimulating device of claim 1, wherein 
said extension interval is fixed and approximately 
equal to or greater than a filter delay in said filtered 
sensing means (3, 4. 5). 

3. The heart stimulating device of claim 1, wherein 
said control means is adapted to determine the 
length of said extension interval depending on the 
instant at which the non^f iltered sensing means (3, 
6) senses a QRS indication. 

4. The heart stimulating device of claim 3, wherein the 
extension interval is approximately equal to a filter 
delay time in the filtered sensing means (3, 4, 5) 

minus a remainder of the basic escape interval at 
the instant at which the non-filtered sensing means 
(3, 6) senses a QRS indication. 

5. The heart stimulating device any one of claims 1 -4, 
wherein said control means is adapted to deter- 
mine the length of said basic escape interval 
depending on whether the passed event was intrin- 
sic or stimuiated-evoked. 

6. The heart stimulating device any one of claims 1 -5, 
wherein said control means (7) is adapted to acti- 
vate the non-filtered sensing means (3, 6) after at 
least 95% of the basic escape interval has passed. 

7. The heart stimulating device any one of claims 1 -5. 
wherein said control means (7) is adapted to acti- 
vate the non-filtered sensing means (3, 6) 20 ms or 
less before the basic escape interval has ended. 
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